The goal of the Herschel Open Time Key programme "TNOs are Cool!" is to derive the physical and thermal properties for a large sample of Centaurs and trans-Neptunian objects (TNOs), including resonant, classical, detached and scattered disk objects. We present results for seven targets either observed in PACS point-source, or in mini scan-map mode. Spitzer-MIPS observations were included for three objects. The sizes of these targets range from 100 km to almost 1000 km, five have low geometric albedos below 10%, (145480) 2005 TB 190 has a higher albedo above 15%. Classical thermal models driven by an intermediate beaming factor of η=1.2 or η-values adjusted to the observed colour temperature fit the multi-band observations well in most cases. More sophisticated thermophysical models give very similar diameter and albedo values for thermal inertias in the range 0-25 J m −2 s −0.5 K −1 , consistent with very low heat conductivities at temperatures far away from the Sun. The early experience with observing and model strategies will allow us to derive physical and thermal properties for our complete Herschel TNO sample of 140 targets as a benchmark for understanding the solar system debris disk, and extra-solar ones as well.
Introduction
Trans-Neptunian objects (TNOs) are believed to represent one of the most primordial populations in the solar system (Morbidelli et al. 2008) . The TNO population comprises (i) the main Kuiper belt beyond the orbit of Neptune (∼32 -50 AU), consisting of objects in resonant and non-resonant orbits, and (ii) the halo outskirts of "scattered" and "detached" bodies beyond 50 AU. The Centaurs, an unstable orbital class of minor planets (e.g., Horner et al. 2003; , are closer to the Sun and in transition from the Kuiper belt towards the inner solar system. More than 1300 TNOs have been detected so far, revealing a rich orbital structure and intriguing physical properties. The Trans-Neptunian population is analogous to the debris disks observed around several other, 5-500 Myr old stars (Moro-Martin et al. 2008 , Jewitt et al. 2009 ). This analogy is bolstered by similarities in sizes and observed masses (typically 30-300 AU and 0.01-0.1 M ⊕ for the "exo-disks"), with the important difference that the detected mass in extra-solar debris disks is in the form of ∼10-1000 µm, short-lived, dust particles. The vast majority of the mass in these disks is invisible to us, probably in the form of kilometre (or more)-sized bodies, resembling trans-Neptunian objects.
As part of the Herschel (Pilbratt et al. 2010 ) Science Demonstration Phase we observed 17 targets in different instrument configurations and observing modes. Here we present the analysis of early photometric measurements with ⋆ Herschel is an ESA space observatory with science instruments provided by European-led Principal Investigator consortia and with important participation from NASA.
the Photodetector Array Camera and Spectrometer (PACSPoglitsch et al. 2010 ) of five TNOs and two Centaurs. The science aspects from longer wavelengths Spectral and Photometric Imaging Receiver (SPIRE - Griffin et al. 2010 ) observations on (136472) Makemake and (90482) Orcus are included in Lim et al. (2010) and the thermal lightcurve of (136108) Haumea is presented by Lellouch et al. (2010) . The full Open Time Key Programme includes about 140 TNOs (Müller et al. 2009 ).
Observations and data reduction
The PACS photometric measurements (70/100/160 µm bands) were either taken in point-source mode with chopping-nodding on three dither positions (pre-launch recommended mode for point-sources), or in mini scan-map mode covering homogeneously a field of roughly 1 ′ in diameter (Poglitsch et al. 2010 ). The mini scan-map mode turned out to be more sensitive and better suited for our project.
The chop-nod data reduction was done in a standard way (Poglitsch et al. 2010) . The scan map processing deviated from the default way: Two scans were joined (for combined scanmaps) before executing first an unmasked high-pass filtering to identify sources and bright regions, which were then masked for a second high-pass filtering (without deglitching on the masked sources). The filter widths of the high pass were empirically chosen to be 62 ′′ and 82 ′′ in for the 70/100 µm maps and 160 µm maps, respectively, for S/N and flux conservation reasons. Then second order deglitching was applied in the source regions and the final maps were created. The calibration was done by apply- ing flux overestimation corrections of 1.05, 1.09 and 1.29 at 70, 100 and 160 µm, as recommended in the PACS release note on point-source photometry 1 . In order to obtain monochromatic fluxes at the reference wavelengths 70, 100 and 160 µm we applied colour corrections of 0.98, 0.99 and 1.01 (Poglitsch et al. 2010) , with uncertainties of approximately ±1-2% related to the full range of possible TNO and Centaur colour temperatures. The photometry of the targets was done by applying a standard technique, described in Lellouch et al. (2010) . Table 1 summarises the selected SDP PACS observations with relevant instrument and satellite parameters together with the obtained fluxes. The monochromatic fluxes are listed with 1σ-errors, including also systematic errors like sky background gradients and variations. For non-detections we gave the 3σ errors as upper flux limits.
Observational results and model input parameters
In order to derive sizes and albedos from thermal-IR observations a thermal model is required. The thermal emission of an atmosphereless spherical body at distance ∆ is given by
where ǫ is the emissivity, R the radius of the object, B the Planck function, ϕ the latitude, θ the longitude measured from the sub-solar point, and α the solar phase angle. As is usual for small bodies we adopt ǫ = 0.9 throughout this work. The use of this equation requires a model of the temperature distribution T (θ, ϕ) over the surface. We applied the following models: (i) The standard thermal model (STM, Lebofsky et al. 1986 ), which describes a non-rotation, low thermal inertia surface in instantaneous thermal equilibrium with insolation (beaming parameter η=0.756, optimised for mid-IR colour temperatures of large main-belt asteroids); (ii) The fast rotating model or isothermal latitude model (FRM, ILM, Veeder et al. 1989 , Lebofsky & Spencer 1989 , as an extreme case of a high thermal inertia and/or fast rotating body; (iii) Intermediate models with respect 1 PICC-ME-TN-036, 22/Feb/2010: herschel.esac.esa.int to STM and ILM, e.g., the near-Earth asteroid thermal model (NEATM, Harris 1998) , where the beaming parameter η is fitted to the multi-band data ( Lagerros 1996 Lagerros , 1997 Lagerros , 1998 Müller & Lagerros 1998) , where the temperature distribution is calculated for the given illumination and observing geometry, rotation axis and period have to be assumed if not available. The "free" parameter is the thermal inertia, a physical property of the surface material. The TPM assumes a "default" roughness (Müller & Lagerros 2002) , while the η-driven models work with smooth surfaces. Table 2 summarises the observing geometries, the Hmagnitudes with absolute uncertainties, lightcurve influences and rotation periods which were used as input for the modelling. Effective diameter D eff , geometric albedo p V and H V magnitude are connected via D eff = 1347. (Bowell et al. 1989 ). Knowing H V (i.e., the reflected part of the Sun-light) and measuring fluxes at thermal wavelengths (i.e., the thermally reemitted Sun-light) allows now to solve for D eff and p V , the effective diameter of the target and its geometric albedo. An uncertainty of 0.1 mag in H V leads to errors of 4-5% in the derived diameter and 8-10% for the geometric albedo.
Results and discussion
The combined Herschel and Spitzer data show that neither of the "canonical" models (STM, ILM) fit the observed fluxes over the entire wavelength range (see Fig. 1 and Fig. 2 ). The data require either an intermediate beaming value η (or different ones for different parts of the SED) or a more sophisticated TPM with the thermal inertia Γ as key parameter for the temperature distribution on the surface. The value η = 1 corresponds to a smooth surface with zero thermal inertia. For our observations, which are carried out at low solar phase angle, thermal inertia would be expected to raise η (because it reduces the day-side temperature), while roughness leads to higher-than-expected effective temperatures, hence it lowers η. Both model techniques were applied. For the TPM we used a χ 2 -technique to find optimum solutions and uncertainties which are compliant with the observed fluxes and errors. The η-NEATM uncertainties are either based on a bootstrap Monte-Carlo analysis (e.g., Mueller et al. 2010) for the three targets where MIPS and PACS observations are available or on a fixed η = 1.2 ± 0.3 in all other cases. (1) (208996) 2003 AZ 84 is a Plutino in 3:2 mean-motion resonance (MMR) with Neptune with an eccentricity 2 of 0.18 and inclination of 13.5
• . In combination with fluxes from Table 1 we used updated 24 and 70 µm MIPS fluxes from Stansberry et al. (2008) (F 24 =0.28±0.02 mJy; F 70 =24.6±3.1 mJy). The best η-based model solution resulted in an effective diameter of 896±55 km and a geometric albedo of p V =0.065±0.008, the corresponding beaming parameter is η=1.31±0.08. A more sophisticated TPM analysis on the basis of a spherical body with the given rotation period and a spin axis perpendicular to the solar direction, supported by a strong visible lightcurve (see Table 2 ), gave very similar D eff and p V values at a thermal inertia of 5
The very low thermal inertia is an indication that the surface might be covered by loose regolith with a low heat capacity in poor thermal contact. Although there are indications of crystalline water ice on the surface (Guilbert et al. 2009 ), a solid compact layer of ice can be excluded, because this would require significantly higher thermal inertia. It was also possible, 2 orbit parameters as FK5/J2000.0 helio. ecliptic osc. elements via the TPM, to investigate the influence of spin axis orientation, sense of rotation and rotation period, but for objects with very low thermal inertia the influence of the rotational properties are only on a level of less than 5% on the effective diameter and geometric albedo solutions. The diameter and albedo results agree with the Stansberry et al. (2008) values within the given error bars. The results of all model fits are shown in Fig. 1 . The lightcurve influence (see ∆ mag in Table 2 ) is significant and has been taken into account (0.14 mag correspond to a ∼7% diameter change and ∼14% albedo change).
(126154) 2001 YH 140 is a dynamically hot object with a semimajor axis close to the 5:3 MMR with Neptune, which might have excited the orbit from a previously dynamically colder orbit. 2001 YH 140 was not observed by Spitzer and our PACS observation was done in chop-nod technique and with only a single epoch in the 160 µm band. Based on an assumed η = 1.2±0.3 the 70 µm detection leads to a NEATM-solution of D eff =349±81 km and p V =0.08±0.05. The result from the TPM analysis is similar with a possible diameter range between 300 and 400 km and geometric albedos between 0.05 and 0.10, based on a range of thermal inertias from 0 to 10 J m −2 s −0.5 K −1 . These solutions correspond to predicted flux values of 6-11 mJy at 160 µm, compatible with the upper flux limit of 13 mJy at 160 µm.
(79360) 1997 CS 29 is a dynamically cold object with at least one satellite (Stephens & Noll 2006) and with an orbit very close to the Neptunian 7:4 MMR. The NEATM analysis of the two PACS measurements was not conclusive, only an unrealistically high η-value above 5 could connect the two fluxes. But this solution would correspond to an object with more than 1000 km diameter and an albedo below 1%. Combining the PACS 70 µm observation with two Spitzer measurements (F 24 =0.057±0.005 mJy, F 70 =3.0±01.6 mJy) confirmed that the 160 µm flux is very likely contaminated from an unknown background source. The radiometric analysis via TPM techniques (excluding now the 160 µm flux) leads to a possible diameter range between 250 and 420 km and an albedo of 6-14% for a large range of thermal inertias. The TPM analysis of the Spitzer observations alone are indicative of a very low thermal inertia at around 1 J m −2 s −0.5 K −1 , for a D eff = 270 km and p V =0.14. Here, the fixed η approach gave 402±69 km and 0.06±0.02, favouring the higher inertias above 10 J m −2 s −0.5 K −1 . (82075) 2000 YW 134 is a binary which moves on an extremely eccentric orbit and is dynamically a detached object rather than a member of the scattered disk. In a 1.5 h measurement we only obtained upper flux limits. Nevertheless, the observation (mainly the 70 µm flux) combined with the H V magnitude in Table 2 constrain the possible diameter and albedo solutions: The target has to be smaller than about 500 km and the geometric albedo higher than 8%. Lower albedos or larger diameters would not be compatible with the non-detection at 70 µm. (Fig. 2) . The derived effective diameter is 144±10 km, the geometric albedo p V =0.075±0.010. The 3σ upper flux limits at 160 µm indicate that the diameter must be around 140 km or smaller, the albedo at 0.08 or larger, both values agree with the derived radiometric properties. Larger thermal inertias can be excluded due to the non-detection at 160 µm, very small thermal inertias would cause difficulties to match both Spitzer fluxes. Combined with the binary system mass derived by Grundy et al. (2008) , we derived a bulk density of 0.66
, which is slightly higher than the value which was based on a single-band Spitzer detection (Stansberry et al. 2008) . 
Conclusions
Our small and dynamically very inhomogeneous sample confirms the consistency between different model techniques and nicely agrees with Spitzer results (Stansberry et al. 2008 ) on three overlap targets. Based on the seven targets we also showed the model capabilities for multiple, dual, single or even nondetections. Models with either a beaming parameter of ∼1.2 or thermal inertias below 25 J m −2 s −0.5 K −1 explain the measured SEDs, confirming low heat conductivities at temperatures far away from the Sun. The target sizes range from diameters below 100 km to almost 1000 km. The derived geometric albedos are below 10%. Only (145480) 2005 TB 190 has an albedo above 15%, which is possibly related to its very unusal orbit located entirely outside the major planets. The derived low albedos are close to the mean value of 8% given by Stansberry et al. (2008) . Albedo trends with object size, dynamic or taxonomic types are not yet visible in the small sample.
